We investigated whether androgen deprivation therapy (ADT) use is associated with an increased risk of death from cardiovascular causes in patients treated for localized prostate cancer.
Androgen deprivation therapy (ADT) serves an important role in the treatment of patients with prostate cancer. ADT is being used increasingly in combination with local therapy to treat patients with localized prostate cancer with adverse features ( 1 ) . Randomized studies have demonstrated that the addition of ADT to external beam radiation therapy improves cancer-specifi c and overall survival in patients with locally advanced ( 2 ) and higher risk localized ( 3 ) prostate cancer. Although randomized trials ( 4 -7 ) have not shown that short-course neoadjuvant ADT is benefi cial to patients undergoing radical prostatectomy, investigators are exploring the combination of ADT with systemic cytotoxic chemotherapies as a new neoadjuvant approach ( 8 ) .
However, ADT can lead to elevated body mass index, increased fat deposition, and decreased insulin sensitivity ( 9 -( 11 ) . These conditions are part of the constellation of medical conditions that characterize the metabolic syndrome, which increases an individual's risk of developing type II diabetes mellitus and coronary artery disease. Analysis of a prospective cohort of patients revealed that, among patients in the general population, those with the metabolic syndrome are more likely to die from cardiovascular disease than those without the metabolic syndrome ( 12 ) . Thus, concern exists that patients who develop the metabolic syndrome associated with ADT may be at an increased risk of cardiovascular death.
A recent large observational study noted that patients with locoregional prostate cancer that was treated with ADT are at an increased risk of developing incident diabetes and cardiovascular disease ( 13 ) . Whether the metabolic changes induced by ADT might ultimately translate into an increased risk of death from cardiovascular disease has not been established. Because hormonal therapy continues to be an important component of the management of patients with localized prostate cancer with high-risk features, identifying potential risks associated with ADT use remains an important endeavor. Therefore, the purpose of this study was to investigate whether ADT use in patients treated for localized prostate cancer was associated with an increased incidence of cardiovascular and all-cause mortality.
Patients and Methods

The Cancer of the Prostate Strategic Urologic Research Endeavor Database
The Cancer of the Prostate Strategic Urologic Research Endeavor (CaPSURE) is a nationwide longitudinal, observational disease registry of patients with biopsy-proven prostate adenocarcinoma. The CaPSURE registry contains demographic, clinical, treatment, and outcome data for more than 13 000 patients from 31 urology practices, including 25 community-based practices, three acade mic medical centers, and three US Department of Veterans Ad ministration hospitals. Patients are treated according to the usual practice of their physicians. An approved and signed Internal Review Board informed consent form is obtained from all patients who choose to enroll in the CaPSURE data registry. The details of the project methodology have been reported previously ( 14 ) .
The accuracy of the data in CaPSURE is maintained through the use of extensive quality assurance measures that are incorporated into the data collection and entry processes. Data are entered into the registry through a computer-based interface that uses built-in logic checks for each data stream to allow end users to identify and reconcile entries that are fl agged as illogical or invalid. The CaPSURE study investigators initially performed random audits of medical records during routine on-site visits and have moved toward performing end-of-study reviews on all subjects that withdraw from the study or die. The purpose of the review is to verify the veracity of reported data and to add any key data elements that are missing. All source documents on prostate biopsies, anatomic surgical pathology, and bone scan results are obtained when available.
On enrollment in the CaPSURE registry, each patient completes a baseline questionnaire that includes a checklist of preexisting medical comorbidities (i.e., arthritis or joint/bone disease, hypertension, heart disease, stroke or neurologic conditions, diabetes, lung disease, cancer [other than prostate cancer], kidney disease, blood disease, stomach or intestinal disease, and urinary tract diseases). Study subjects are also able to write in conditions that do not fi t in one of the above categories. From the written answers in this questionnaire, six additional comorbidity categories were created to include eye diseases and vision problems; ear, nose, and throat conditions; diseases of other internal organs, including liver, gallbladder, spleen, or pancreas; chronic or major infectious diseases; endocrine diseases; and mental health conditions.
Patients are followed until the time of death or withdrawal from the study. CaPSURE receives notifi cation of the death of the subject from several sources, including family, clinician, or on-site research coordinators, and electronic searches of either the Social Security Death Index or the National Death Index, which is sponsored by the National Center on Health Statistics. When a death is verifi ed, the cause of death is determined in an unblinded fashion from either the offi cial state death certifi cate or, less commonly, the National Death Index.
Patient Selection and Treatment
As of July 31, 2006, 13 124 patients had been enrolled in the CaPSURE disease registry. When the registry was queried for patients with localized prostate cancer [i.e., T1 -3a, NX/N0, MX/ M0 ( 15 ) ] diagnosed between January 1, 1995, and December 31, 2004, 7832 patients were identified. Of these 7832 patients, 1367 were excluded because they did not undergo definitive local therapy (radical prostatectomy, external beam radiation therapy, brachytherapy, or cryotherapy) or were treated with diethylstilbestrol, finasteride, chemotherapy, orchiectomy, or transurethral microwave therapy. An additional 1573 patients were excluded from the analysis because of missing data regarding the use of ADT and the presence of baseline heart disease, hypertension, or diabetes. Thus, the final study cohort consisted of 4892 patients. Of this study cohort, 3262 patients underwent initial treatment with radical
CONTEXT AND CAVEATS
Prior knowledge
Androgen deprivation therapy (ADT) is increasingly being used in combination with local therapy to treat patients with high-risk localized prostate cancer. However, ADT can lead to conditions that are included in the metabolic syndrome, which increases the risk of coronary artery disease.
Study design
Observational retrospective study using data from the Cancer of the Prostate Strategic Urologic Research Endeavor registry of patients with biopsy-proven prostate adenocarcinoma.
Contribution
ADT use appears to be associated with a statistically significantly increased risk of death from cardiovascular causes among patients aged 65 years or older undergoing radical prostatectomy for localized prostate cancer. The 5-year cumulative incidence of cardiovascular death was 5.5% among patients who received ADT and 2.0% among those who did not. Among patients aged 65 years or older treated with external beam radiation therapy, brachytherapy, or cryotherapy, ADT use was associated with an increased cumulative incidence of death from cardiovascular causes, but the increase was not statistically significant.
Implications
Careful cardiovascular evaluation and intervention are advisable before initiating ADT in patients with localized prostate cancer.
Limitations
The study had a relatively short follow-up with few fatal cardiovascular events observed. All possible risk factors for cardiovascular death could not be controlled for because of the study's retrospective nature.
prostatectomy and 1630 patients underwent initial treatment with the nonsurgical options of external beam radiation therapy, brachytherapy, or cryotherapy.
ADT was defi ned as treatment with a gonadotropin-releasing hormone agonist and/or an antiandrogen either neoadjuvantly (initiated before the start of local therapy) or adjuvantly (initiated up to 6 months after the start of local therapy). The duration of ADT use was determined by the clinical practice of the treating physician. Overall, 1015 patients were treated with ADT in conjunction with their local therapy and 3877 patients were not treated with ADT. Among the patients who underwent radical prostatectomy, 266 were treated with ADT, and among those who received nonsurgical treatment, 749 were treated with ADT.
The primary endpoint of this study was death from cardiovascular causes. A cardiovascular death was defi ned as a death from acute myocardial infarction, sudden cardiac arrest or death, coronary artery disease, cardiac ischemia, malignant arrhythmia, or thromboembolic disease such as pulmonary embolism or cerebrovascular accident. A total of 131 patients who were included in this study cohort died of cardiovascular causes.
Statistical Analysis
The baseline demographics of patients who were and patients who were not treated with ADT were compared by use of the Wilcoxon two-sample test for continuous variables and the chi-square test for categoric variables. For the time-to-endpoint analyses, time zero was defined as the start date of definitive therapy, not the start date of ADT. Competing risks methods ( 16 ) were used to account for competing causes of mortality when analyzing the endpoint of time to death from cardiovascular causes. Separate competing risks analyses were performed for the 3262 patients who underwent initial radical prostatectomy and the 1630 patients who received nonsurgical treatments to account for potential treatment selection biases. Competing risks regression analyses ( 17 ) that were controlled for age in years as a continuous variable and the presence or absence of heart disease or diabetes at baseline were performed to assess the association between ADT use and the time to death from cardiovascular causes. In a univariable analysis, the presence of hypertension was not statistically significantly associated with death from cardiovascular causes and was, therefore, excluded from the multivariable competing risks analysis.
Cox multivariable regression analysis ( 18 ) was used to assess the association between ADT use and time to death from any cause. The data were tested and found to meet the assumptions of the Cox analysis by use of time-dependent covariate methodology ( 18 ) . A stepwise selection process was used to determine which variables to include in the model, with a selection entry criterion of a P value of less than or equal to .1 and a selection stay criterion of a P value of less than or equal to .1. Using these criteria, we selected the variables of age in years (continuous variable), presence of baseline diabetes (categoric variable, yes or no), biopsy Gleason score (categoric variable, ≤ 7 or ≥ 8), and clinical tumor stage category (categoric variable, T1 -2 or T3 -4) as covariates. In addition, because of their statistical signifi cance in the univariable analysis and their clinical relevance, the presence of heart disease (categoric variable, yes or no) and pretreatment prostate-specifi c antigen level (continuous variable) were also included in the model.
The adjusted hazard ratios (HRs) and associated 95% confidence intervals (CIs) of death from cardiovascular causes and death from any cause were estimated on the basis of the coeffi cients from the competing risks and Cox regression models, respectively. For the purpose of illustration, estimates of death from cardiovascular causes after initial local therapy were calculated by the cumulative incidence method ( 16 ) and graphically displayed. The cumulative incidences of death from cardiovascular causes were calculated and graphically displayed separately for patients younger than 65 years and for patients 65 years or older for both treatment cohorts of radical prostatectomy and nonsurgical therapy (i.e., external beam radiation therapy, brachytherapy, or cryotherapy). The age of 65 years was selected as the cut point on the basis of a published randomized study of radical prostatectomy versus watchful waiting that found that prostate cancer treatment may not be benefi cial for patients aged 65 years or older ( 19 ) . Given that ADT may contribute to the toxicity of therapy, evaluating the cumulative incidence of cardiovascular mortality in patients aged 65 years or older is clinically relevant. Comparisons of the cumulative incidence estimates of death from cardiovascular causes after initial therapy were made by use of Gray's K -sample test ( 20 ) , which accounts for competing causes of mortality. For the 3-and 5-year point estimates of the cumulative incidences of death from cardiovascular causes, the associated 95% confi dence intervals were calculated and reported. All tests for statistical signifi cance were two-sided.
Results
Baseline Patient Characteristics
The median follow-up time for the study population was 3.8 years (range = 0.1 -11.3 years). The median follow-up times for patients treated with radical prostatectomy and nonsurgical techniques were 3.9 and 3.5 years, respectively ( P = .003). The baseline patient, tumor, and treatment characteristics of the 4892 patients in the study cohort are summarized in Table 1 . The median age of the entire study cohort was 64 years (range = 39 -86 years). Patients treated with radical prostatectomy and ADT had a median age of 63 years, and patients treated with radical prostatectomy without ADT had a median age of 62 years ( P <.001). Patients who received external beam radiation therapy, brachytherapy, or cryotherapy in combination with ADT had a median age of 71 years, and patients who received one of these therapies but did not receive ADT had a median age of 69 years ( P <.001).
A total of 1015 patients received ADT in conjunction with their local therapy with a median duration of 4.1 months (range = 1.0 -32.9 months). The median duration of ADT use among patients who received ADT in the radical prostatectomy group was 4.0 months (range = 1.0 -32.9 months). The median duration of ADT use among those who received ADT in the nonsurgical group was 4.3 months (range = 1.0 -31.4 months). The proportions of patients with baseline heart disease and hypertension were similar between those who did and those who did not use ADT, regardless of type of local therapy. Among patients treated with external beam radiation therapy, brachytherapy, or cryotherapy, the proportion of patients with baseline diabetes was statistically signifi cantly higher in patients using ADT than in patients not using ADT ( P = .004).
Overall, patients who used ADT in conjunction with their local therapy were more likely to present with higher pretreatment levels of prostate-specifi c antigen ( P <.001), higher biopsy Gleason scores ( P <.001), and more clinically advanced tumors ( P <.001 for radical prostatectomy group and P = .004 for non-radical prostatectomy group) than patients who did not use ADT. The number of prostate cancer deaths in each clinical risk group ( 21 ) , stratifi ed by treatment with or without ADT, is shown in Table 2 .
Competing Risks Regression Analysis for Time to Death From Cardiovascular Causes
A competing risks regression analysis that controlled for age, presence of heart disease, and presence of diabetes was performed to assess whether the use of ADT at the time of initial therapy was associated with a shorter time to death from cardiovascular causes than nonuse of ADT. As shown in Table 3 , among patients treated initially with radical prostatectomy, both ADT use (adjusted HR = 2.6; 95% CI = 1.4 to 4.7; P = .002) and older age (continuous variable) (adjusted HR = 1.07; 95% CI = 1.02 to 1.1; P = .003) were associated with statistically significantly increased risks of death from cardiovascular causes, whereas the presence of baseline heart disease (adjusted HR = 1.1; 95% CI = 0.5 to 2.4; P = .8) or diabetes (adjusted HR = 1.3; 95% CI = 0.5 to 3.2; P = .6) was not. Among patients treated with external beam radiation therapy, brachytherapy, or cryotherapy, only older age (adjusted HR = 1.07; 95% CI = 1.02 to 1.1; P = .004) was associated with an increased risk of death from cardiovascular causes, whereas use of ADT (adjusted HR = 1.2; 95% CI = 0.8 to 1.9; P = .4) and the presence of baseline heart disease (adjusted HR = 1.2; 95% CI = 0.7 to 2.1; P = .4) or diabetes (adjusted HR = 1.6; 95% CI = 0.8 to 3.2; P = .2) were not ( Table 3 ) . In the patients initially treated with radical prostatectomy, the increased risk of death from cardiovascular causes was evident in both younger (<65 years; P = .02) and older ( ≥ 65 years; P = .01) patients. As illustrated in Fig. 1 , A , among patients in the radical prostatectomy group who were younger than 65 years, the 5-year cumulative incidence estimates of death from cardiovascular causes were 3.6% (95% CI = 0.0% to 7.2%) in patients using ADT and 1.2% (95% CI = 0.5% to 1.8%) in patients not using ADT. Patients aged 65 years or older who were initially treated with radical prostatectomy and ADT also had higher 5-year estimates of death from cardiovascular causes (5.5%; 95% CI = 1.2% to 9.8%) than patients in the same age group treated with radical prostatectomy alone (2.0%; 95% CI = 1.1% to 3.0%) ( Fig. 1, B ) .
The plots of the cumulative incidences of death from cardiovascular causes among patients treated with external beam radiation therapy, brachytherapy, or cryotherapy who were younger than 65 years, stratifi ed by treatment with and without ADT, are shown in Fig. 1 , C . The corresponding cumulative incidence plots for patients aged 65 years or older are shown in Fig. 1, D . In patients younger than 65 years, the estimates of death from cardiovascular causes at 5 years were similar in the groups treated with ADT (2.9%, 95% CI = 0.0% to 7.0%) and not treated with ADT (2.3%, 95% CI = 0.3% to 4.3%). Among patients aged 65 years or older, the 5-year estimates of death from cardiovascular causes were higher for patients treated with ADT (8.4%; 95% CI = 5.1% to 11.7%) than for patients treated without ADT (5.7%; 95% CI = 3.2% to 8.1%), although the entire distributions of the cumulative incidence estimates of death from cardiovascular causes in these two cohorts were not statistically signifi cantly different ( P = .2).
Cox Regression Analysis for Time to Death From Any Cause
Separate Cox regression analyses were performed to analyze the association between ADT use and the time to death from any cause for patients treated with radical prostatectomy and those treated with external beam radiation therapy, brachytherapy, or cryotherapy. As shown in Table 4 , in an analysis of patients treated with radical prostatectomy that controlled for age, presence of baseline heart disease and diabetes, and known prostate cancer prognostic factors, ADT use (adjusted HR = 2.2; 95% CI = 1.4 to 3.5; P <.001) remained associated with statistically significant increase in the risk of death from any cause. Older age (continuous variable) (adjusted HR = 1.07; 95% CI = 1.04 to 1.1; P <.001), biopsy Gleason score 8 or higher compared with a lower Gleason score (adjusted HR = 2.3; 95% CI = 1.4 to 4.1; P = .002), and presence of baseline diabetes compared with the absence of diabetes (adjusted HR = 1.9; 95% CI = 1.1 to 3.3; P = .03) were also associated with an increased risk of death from any cause. When the same analysis was performed among patients who did not undergo radical prostatectomy, a shorter time to all-cause mortality was not associated with ADT use (adjusted HR = 0.9; 95% CI = 0.7 to 1.3; P = .7) but was statistically significantly associated with advancing age (adjusted HR = 1.06; 95% CI = 1.03 to 1.09; P <.001), more advanced clinical tumor category (adjusted HR = 2.4; 95% CI = 1.2 to 5.2; P = .02), and * HR = hazard ratio; CI = confidence interval; ADT = androgen deprivation therapy. † Gray's P value. All statistical tests were two-sided. ‡ Adjusted for age, heart disease, and diabetes. § Adjusted for age, ADT use, heart disease, and diabetes. Fig. 1 . Cumulative incidence estimates of cardiovascular mortality (i.e., death from cardiovascular causes) stratifi ed by treatment with or without androgen deprivation therapy (ADT). A ) Patients who underwent radical prostatectomy and were younger than 65 years of age at the time of surgery. The 3-year cumulative incidence estimates of cardiovascular mortality were 2.2% (95% confi dence interval [CI] = 0.0% to 4.7%) in patients using ADT and 0.6% (95% CI = 0.2% to 1.0%) in patients not using ADT. The 5-year cumulative incidence estimates of cardiovascular mortality were 3.6% (95% CI = 0.0% to 7.2%) in patients using ADT and 1.2% (95% CI = 0.5% to 1.8%) in patients not using ADT. B ) Patients who underwent radical prostatectomy and were 65 years of age or older at the time of surgery. The 3-year cumulative incidence estimates of cardiovascular mortality were 4.5% (95% CI = 0.6% to 8.3%) in patients using ADT and 1.6% (95% CI = 0.8% to 2.4%) in patients not using ADT. The 5-year cumulative incidence estimates of cardiovascular mortality were 5.5% (95% CI = 1.2% to 9.8%) in patients using ADT and 2.0% (95% CI = 1.1% to 3.0%) in patients not using ADT. C ) Patients younger than 65 years of age treated with external beam radiation therapy, brachytherapy, or cryotherapy. The 3-year cumulative incidence estimates of cardiovascular mortality were 1.0% (95% CI = 0.0% to 3.0%) in patients using ADT and 2.3% (95% CI = 0.3% to 4.3%) in patients not using ADT. The 5-year cumulative incidence estimates of cardiovascular mortality were 2.9% (95% CI = 0.0% to 7.0%) in patients using ADT and 2.3% (95% CI = 0.3% to 4.3%) in patients not using ADT. D ) Patients age 65 years or older treated with external beam radiation therapy, brachytherapy, or cryotherapy. The 3-year cumulative incidence estimates of cardiovascular mortality were 4.2% (95% CI = 2.5% to 6.0%) in patients using ADT and 2.7% (95% CI = 1.4% to 4.1%) in patients not using ADT. The 5-year cumulative incidence estimates of cardiovascular mortality were 8.4% (95% CI = 5.1% to 11.7%) in patients using ADT and 5.7% (95% CI = 3.2% to 8.1%) in patients not using ADT.
presence of baseline diabetes (adjusted HR = 1.8; 95% CI = 1.1 to 2.9; P = .02).
Discussion
After controlling for age and available cardiovascular disease risk factors, we found that treatment with ADT was associated with statistically significantly increased risk of death from cardiovascular causes in patients treated with radical prostatectomy for localized prostate cancer. Patients 65 years or older who were treated with ADT in addition to radical prostatectomy had a 5-year cumulative incidence of cardiovascular death of 5.5%, and those treated with radical prostatectomy alone had a 2.0% incidence of cardiovascular death. An increased risk of cardiovascular death associated with ADT use was also noted in younger patients treated with radical prostatectomy, with 5-year cumulative incidence estimates of cardiovascular death of 3.6% in those treated with ADT and 1.2% in those not treated with ADT. In patients .4 --* PC = prostate cancer; HR = hazard ratio; CI = confidence interval; PSA = prostate-specific antigen; ADT = androgen deprivation therapy. † Cox regression. All statistical tests were two-sided. ‡ Adjusted for age, PSA, ADT use, biopsy Gleason score, tumor category, heart disease, diabetes, and hypertension. § Tumor categories are as described previously ( 15 ) .
treated with external beam radiation therapy, brachytherapy, or cryotherapy, the use of ADT was not associated with a statistically significant increase in death from cardiovascular causes. ADT use has been associated with the development of the metabolic syndrome in patients undergoing treatment for prostate cancer ( 11 ) . Among the general population, the presence of the metabolic syndrome predisposes patients to premature death from cardiovascular disease ( 12 ) . Our fi nding that ADT may increase the risk of death from cardiovascular causes in patients undergoing radical prostatectomy for prostate cancer is consistent with the results of the study by Keating et al. ( 13 ) who used the Surveillance, Epidemiology, and End Results Medicare database to investigate the metabolic impact of ADT in 73 196 patients with locoregional prostate cancer. The types of treatment received by these patients were radical prostatectomy in 23%, external beam radiation therapy in 40%, or watchful waiting in 37%. After controlling for patient and tumor characteristics and the type of local treatment, Keating et al. ( 13 ) found that patients treated with ADT had a higher risk of diabetes, coronary heart disease, myocardial in farction, and sudden cardiac death than patients not treated with ADT. Among the patients who received ADT, even short-term (1 -4 months) use of ADT was associated with an increased risk of developing diabetes and coronary heart disease.
Over the past decade, there has been a dramatic increase in the use of ADT to treat patients with nonmetastatic prostate cancer ( 22 ) . Although ADT therapy improves survival of patients with high-risk prostate cancer, emerging data also suggest that treatment with ADT might decrease the overall survival of patients with lower risk disease because they may not derive a substantial cancer-specifi c mortality benefi t from ADT use. In a recent randomized trial ( 23 ), a long course (28 months) compared with a short course (4 months) of ADT use was associated with improvement in all cancer-control endpoints except overall survival among patients receiving radiation therapy for locally advanced prostate cancer. Although the number of prostate cancer deaths was reduced among patients receiving long-course ADT, this reduction was offset by an increase in the absolute number of deaths from other causes.
D'Amico et al. ( 24 ) recently pooled data from three randomized trials comparing various short durations of treatment with ADT among patients undergoing external beam radiation therapy for localized prostate cancer and analyzed the impact of ADT on the timing of a fatal myocardial infarction in these patients. Because serum testosterone levels after a short course of ADT typically recover within 2 years, D'Amico et al. (24) preferentially weighted earlier data when comparing the cumulative incidence estimates of a fatal myocardial infarction and found that patients aged 65 years or older who were randomly assigned to 6 months of ADT had shorter times to a fatal myocardial infarction than patients who were randomly assigned to no ADT. Thus, treatment with ADT for 6 months appeared to hasten the development of a fatal myocardial infarction, although the overall incidence of fatal myocardial infarctions did not differ over time. In this study, among patients aged 65 years or older treated with external beam radiation therapy, brachytherapy, or cryotherapy, we observed a higher cumulative incidence of deaths from cardiovascular causes in those who used ADT than in those who did not use ADT, but the difference in the cumulative incidences did not reach statistical signifi cance. However, the fewer patients and fewer events in the non-radical prostatectomy group limited the power of this analysis to detect a statistically signifi cant increase in the incidence of cardiovascular death related to ADT use. Moreover, the duration of ADT use in the non-radical prostatectomy group of this study varied from 1 to 31 months, with a median duration of 4 months, shorter than the 6 months of ADT use in the previous study of D'Amico et al. ( 24 ) .
Recent retrospective studies that explored the association between use of ADT and survival among patients treated with brachytherapy have found confl icting results. Beyer et al. ( 25 ) reviewed their experience in treating 2378 patients with permanent prostate brachytherapy and found that the 10-year estimate of survival was 20% among patients who used ADT and 44% among patients who did not use ADT. In a multivariable analysis, ADT use was statistically signifi cantly associated with poorer overall survival. In contrast, when Merrick et al. ( 26 ) examined the association between use of ADT and survival among 938 patients treated with brachytherapy, ADT use was not associated with poorer survival.
To our knowledge, no other studies have analyzed the association between ADT and death from cardiovascular causes in patients treated specifi cally with radical prostatectomy. The novel fi nding in this study is that, in patients who underwent radical prostatectomy, the use of ADT was associated with an increased incidence of death from cardiovascular causes, and this increased risk was apparent in both younger (<65 years) and older ( ≥ 65 years) patients. It is unclear why this association between ADT use and death from cardiovascular causes was observed in patients treated with radical prostatectomy and not in the cohort of patients treated with external beam radiation therapy, brachytherapy, or cryotherapy. One plausible explanation is that patients selected for surgery tend to have fewer comorbidities. Such comorbidities might result in competing causes of death that would be experienced by patients selected for nonoperative treatment and thereby may have masked the potential negative impact of ADT on cardiovascular mortality.
Although numerous randomized trials ( 4 -7 ) have failed to observe an improvement in cancer control with the use of neoadjuvant hormonal therapy in patients undergoing radical prostatectomy, investigators are now exploring the utility of combined neoadjuvant hormonal therapy and systemic cytotoxic chemotherapy as induction therapy before radical prostatectomy in patients with high-risk localized prostate cancer. Thus, studying the possible negative effects of ADT in this population continues to be relevant. Side effects associated with short-and long-term use of ADT can be substantial, and a growing body of literature exists regarding the negative impact that ADT can have on the health and quality of life of patients with prostate cancer. The results of this study and others (13, 24) support the view that use of ADT may contribute to death from cardiovascular causes and underscore the importance of careful cardiovascular evaluation and intervention before initiating ADT in patients with localized prostate cancer.
This study has several potential limitations. First, because of the retrospective nature of the study, we could not control for all possible risk factors for cardiovascular death, including hypercholesterolemia, family history of heart disease, and prior smoking history. The possibility of selection bias or bias from omitted confounders must be considered when interpreting the results of this study. Second, this analysis did not take into account any salvage ADT that patients may have received after initial therapy. Patients who developed metastatic disease or biochemical failure may have received salvage treatment with long-term ADT, which may have confounded the observed risk of cardiovascular death attributed to initial treatment with ADT. However, such patients would likely represent only a small proportion of this study cohort. Third, the study was limited by the relatively short period of follow-up and the few fatal cardiovascular events observed. Finally, the use of death certifi cates as the sources of cause of death is an important limitation of this type of retrospective study. Investigators have shown that death certifi cates may not accurately refl ect true causes of death and that coronary heart disease may be overrepresented as a cause of death in death certifi cates (27, 28) .
In conclusion, it appears that ADT use may be associated with an increased risk of death from cardiovascular causes in patients undergoing radical prostatectomy for localized prostate cancer. Future prospective studies with careful assessment of causes of death are required to confi rm the association between ADT use and death from cardiovascular causes.
